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We investigated the background characteristics of new type 2 diabetic patients and identified factors pre-
dicting good glycemic control after 6 months. We selected 788 new patients who presented to the Diabetes Cen-
ter of Tokyo Women’s Medical University Hospital between July 2003 and March 2005 with an HbA,. =6.5%.
Based on the HbA,. value after 6 months, the patients were divided into “good” and “poor” glycemic control
groups (<6.5% and =6.5%, respectively). We compared background clinical characteristics between the 2 groups
by logistic regression analysis. As a result, significant predictors of good glycemic control were no diabetic medi-
cations at baseline (odds ratio (OR)=0.46, 95%CI 0.32-0.67), a higher uric acid level (OR=1.25, 95%CI 1.09-1.42), a
lower total cholesterol level (OR=0.80, 95%CI 0.68-0.93), a higher creatinine level (OR=1.07, 95%CI 1.02-1.13), a
younger age (OR=0.99, 95%CI 0.97-1.00), and a shorter duration of diabetes (OR=0.98, 95%CI 0.95-1.00). Our find-
ings may assist in the early identification of patients who are less likely to achieve good glycemic control and re-

quire intensive management to prevent diabetic complications.
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Introduction

Early and persistent intensification of antidiabetic
therapy is most likely to achieve optimal glycemic
control and prevent complications in patients with
diabetes”. The Kumamoto Study showed that the
threshold to prevent both the onset and progres-
sion of diabetic microvascular complications in pa-
tients with type 2 diabetes is a hemoglobin A,.
(HbA..) level below 65%?, and The Japan Diabetes
Society defines “good” glycemic control as HbA ..
<65%°. However, only 15% of patients with type 2
diabetes taking oral hypoglycemic agents have
achieved this target at our hospital, and the per-
centage of patients with an HbA.. <70% was re-
ported to be 358% in the USA”. There have been
several reports about the factors responsible for
good glycemic control”™, but the factors identified
were not consistent among these studies.

More than 2,500 new diabetic patients present to
the Diabetes Center of Tokyo Women's Medical
University Hospital every year, and the most com-

mon reason for their referral is to achieve better
glycemic control. In this study, we investigated the
background characteristics of new type 2 diabetic
patients and identified factors predicting good gly-
cemic control after 6 months.
Materials and Methods

The subjects were patients with type 2 diabetes
who newly visited the Diabetes Center of Tokyo
Women's Medical University Hospital from July
2003 to March 2005. They were directly visited our
hospital or were referred by general practitioners
(GPs). The inclusion criteria were an initial HbA .
value above 65% and follow-up for at least 6
months. A total of 788 patients (501 men and 287
women) met these criteria were enrolled. Back-
ground clinical characteristics, such as the present
illness, past medical history, family history of diabe-
tes, laboratory data and baseline treatment of diabe-
tes, were obtained from the hospital electronic
medical record system. We defined that a patient
had a history of alcohol consumption or smoking if
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Fig. 1 HbA\c profiles during 6 months of follow-up
stratified by the baseline HbA|c level.
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9.0-95% (n=73). O : 95-10.0% (n=55), & : > 10.0%
(n=219).

the patient had a habit even for a short period. Dia-
betic neuropathy and retinopathy were excluded,
because these factors were difficult to evaluate at
first visit.

Patients were treated by diabetologists according
to the hospital protocol. Generally, at the first visit, a
physician decided initial treatment policy after the
examination of the patient and ordered co-medical
staffs (nurse, pharmacist, and dietitian) to educate
the patient. A meal tolerance test (MTT) was per-
formed at the second visit, that was an average of
135 days after the first visit. Plasma glucose (PG)
and serum immunoreactive insulin (IRI) were meas-
ured while fasting, as well as 60 and 120 minutes af-
ter eating a 408 kcal test meal. Homeostasis model
assessment for insulin resistance (HOMA-IR) and B-
cell function (HOMA-B), as well as the acute insulin
response, were calculated as following: fasting se-
rum immunoreactive insulin (FIRI) (WU/ml) xfasting
plasma glucose (FPG) (mmol/1)/225, FIRIx20/
(FPG-3.5), and (immunoreactive insulin at 60 min-
utes after the meal (IRIwmn)-FIRI)/(plasma glucose at
60 minutes after the meal (PGem:)-FPG), respec-
tively. We did not assess these values in patients on
insulin therapy, because IRI would not reflect endo-
genous insulin secretion.

HbA, was measured at every visit, with an aver-

age interval of 1.6 months. Medications were
changed if the target for glycemic control was not
achieved after 1 to 2 months of therapy. Subjects
were divided into good (<6.5%) and poor (= 6.5%)
control groups according to the HbA . level after 6
months.

We compared background clinical characteristics
between the 2 groups by univariate analysis; i.e. nu-
merical and categorical data were analyzed using
Student’s t-test and qui-square tests, respectively.
All variables that were significant (p<0.05) accord-
ing to univariate analysis were also tested by step-
wise multivariate logistic regression analysis. Fur-
thermore, the significant predictors obtained by
multivariate analysis were categorized, and odds ra-
tios for good glycemic control were calculated. All
analyses were performed with SPSS 12.0] statistical
software (SPSS Inc., Chicago, USA).

Results

During 6 months of follow-up, the mean = SD
HbA,. level improved from 9.0 1.9% to 7.3 = 1.4%.
A series of HbA,. profiles stratified by the baseline
value are shown in Fig. 1. A higher baseline HbA .
level was associated with a greater decrease after 6
months.

We compared background clinical characteristics
between the good and poor control groups by uni-
variate analysis. As shown in Table 1, patients with
good glycemic control had a significantly higher
male/female ratio, younger age, shorter duration of
diabetes, no baseline medications, higher body mass
index (BMI) at baseline and at 20 years old, greater
maximum BM], lower total cholesterol, lower HDL-
cholesterol, higher creatinine, and higher uric acid
than those with poor control. These significant vari-
ables were subsequently tested by multivariate lo-
gistic regression analysis. As shown in Table 2, the
significant predictors of good glycemic control thus
identified were no baseline medications, higher uric
acid, lower total cholesterol, higher -creatinine,
younger age, and shorter duration of diabetes.

The significant predictors obtained by multivari-
ate analysis were categorized and odds ratios for
good glycemic control were calculated (Table 3). Pa-
tients treated with oral hypoglycemic agents (OHA)



Table 1 Comparison of background clinical characteristics between the good and poor
glycemic control groups

Good (218) Poor (570) p value
Sex (male/female) 151/67 350/220 0.040 *
Age (years) 546+139 578+122 0.001
Reference by GP (yes / no) 136/82 372/198 0.450
Duration of diabetes (years) 6.1+83 8487 0.001
History of alcohol consumption (%) 56.5 52.3 0293 *
History of smoking (%) 61.8 54.0 0.052 *
Family history of diabetes (%) 65.6 58.2 0.108 *
Baseline antihypertensive therapy (%) 333 340 0.863 *
Baseline lipid-lowering therapy (%) 204 272 0.054 *
Past history of CVD or IHD (%) 142 160 0545 *
Baseline diabetes medication (OHA or insulin) (%) 326 505 < 0001 *
Baseline BMI (kg/m? 25146 244+39 0.025
BMI at 20 years old (kg/m? 233+45 224%35 0.002
Maximal BMI (kg/m? 282+49 27542 0.036
Systolic blood pressure (mmHg) 1425+235 143.1+238 0.742
Diastolic blood pressure (mmHg) 819+124 816125 0.752
HbAic (%) 89+21 91+19 0.164
Total cholesterol {mmol/I) 528%1.17 548+1.15 0.026
HDL-cholesterol {(mmol/]) 1.26+0.35 1.36+0.38 0.002
AST (U/) 288+224 27.1+£208 0.303
ALT (U/]) 364+279 347+382 0533
v-GTP (U/) 66.1 £ 808 629+812 0.623
Creatinine (umol/]) 80.2+69.8 67.8+39.3 0.002
Uric acid (mg/dl) 54%15 49+13 < 0.001
Hemoglobin (g/dl) 142+17 142+15 0.671
Urinary protein positive (%) 31.0 26.2 0.181 *

Data are shown as the mean =SD or %. Good and poor control groups were compared by Stu-
dent’s t-test or the chi-square test (asterisks).
GP: general practitioner, CVD: cerebro-vascular disease, IHD: ischemic heart disease, OHA: oral
hypoglycemic agents, BMI: body mass index, HbAic: hemoglobin Ai, HDL-cholesterol: High-den-
sity lipoprotein cholesterol, AST: aspartate aminotransferase, ALT: alanine aminotransferase, y-

GTP: y-glutamyl transpeptidase.

Table 2 Predictors of good glycemic control according to multivariate logistic

regression analysis

Odds ratio 95% CI p value
Baseline OHA/insulin vs. no medication 046 0.32-0.67 < 0.001
Uric acid (increment of 1 mg/dl) 1.25 1.09-1.42 0.001
Total cholesterol (increment of 1 mmol/l) 0.80 0.68-0.93 0.005
Creatinine (increment of 10 pmol/}) 107 1.02-1.13 0.007
Age (increment of 1 year) 0.99 0.97-1.00 0.033
Duration of diabetes (increment of 1 year) 0.98 0.95-1.00 0.037

CL confidence interval, OHA: oral hypoglycemic agents.

or insulin at baseline were less likely to achieve
good glycemic control than those on diet therapy
(OR: 049 and 042). Patients with higher uric acid
and higher creatinine levels were more likely to
achieve good glycemic control. On the other hand,
patients with a higher total cholesterol level and
older age were less likely to achieve good control. In

addition, patients with a longer duration of diabetes
(1-5 years and =5 years) found it harder to achieve
good glycemic control than those with a short dura-
tion (<1 year) (OR: 0.32 and 0.28, respectively).

The results of the meal tolerance test (MTT) are
shown in Table 4. The good glycemic control group
had a larger acute insulin response compared with



Table 3 Odds ratios for the factors predicting good glycemic control

Category n Good (%) Odds ratio 95% CI p value

Baseline diabetes therapy

No 429 34.3 1.00

OHA 270 204 049 0.34-0.70 < 0001

Insulin 89 18.0 042 0.240.75 0.003
Uric acid (mg/dl)

<4 172 19.2 1.00

45 202 238 1.31 0.80-2.16 0.285

56 214 285 1.68 1.04-272 0.035

6-7 123 35.0 2.26 1.33-3.85 0.003

>7 64 453 349 1.88-6.50 < 0.001
Total cholesterol (mg/dl) [mmol/!]

< 180 [ < 4.65) 187 332 1.00

180-220 [4.65-5.69] 294 282 0.79 053-1.18 0.252

>220[ > 5.69] 295 234 0.62 041092 0.019
Creatinine (umol/l)

< 50 150 220 1.00

50-70 349 249 118 0.75-1.86 0483

> 70 280 343 1.85 1.17-2.93 0.009
Age (years)

<40 84 393 1.00

40-50 124 331 0.76 043-1.36 0.358

50-60 242 26.0 0.54 0.32-092 0.023

> 60 338 240 0.49 0.29-0.81 0.005
Duration of diabetes (years)

<1 174 489 1.00

15 184 234 0.32 0.20-0.50 < 0001

>5 430 209 0.28 0.19-040 < 0.001
CI confidence interval, OHA: oral hypoglycemic agents.

Table 4 Comparison of meal tolerance test results Discussion

between the good and poor glycemic control groups

min Good (125) Poor (344) p value

Plasma glucose (mmol/l) 0 7.7x20 95+26 <0001
60 12629 148+32 <0001

120 118+38 148+38 < 0.001

IRI (WU/ml) 0 84+64 91+169 0.653
60 358%275 27.3+249 0.002

120 402+396 350+430 0.240

HOMA-IR 2822 37+43 0.058
HOMA-B 552+99.7 470x2216  0.608

Acute insulin response 66+6.3 38+x36 <0001

Data are shown as the mean =+ SD. Good and poor control
groups were compared by Student’s t-test.

IRL: immunoreactive insulin, HOMA-IR: homeostasis model
assessment for insulin resistance, (fasting IRI) X (fasting
plasma glucose)/22.5, HOMA-B: homeostasis model assess-
ment for B-cell function, (fasting IRI)X20/(fasting plasma
glucose — 3.5), Acute insulin response: (IRI at 60 minutes—
fasting IRI)/(plasma glucose at 60 minutes —fasting plasma
glucose).

the poor glycemic control group, whereas HOMA-
IR and HOMA- were similar for the 2 groups.

The HbA.. level of new diabetic patients usually
decreases gradually until 4 months and reaches a
plateau by 6 months, as shown in Fig. 1. Therefore,
we focused on the HbA . at 6 months in this study,
which reflects the risk of progression of diabetic
complications. We demonstrated that the baseline
predictors of good glycemic control were no dia-
betic medications, high uric acid, low total choles-
terol, high creatinine, young age, and short duration
of diabetes.

Some other studies have attempted to predict
glycemic control from background clinical charac-
teristics® ™. A long duration of diabetes and prior
medication are common factors related to poor gly-
cemic control among these studies.

The reason why a longer duration of diabetes is
associated with poor control®™® might be the de-
crease of insulin secretion over time in many pa-

6)9)

tients with type 2 diabetes®”. With an increasing

duration of diabetes, the decrease of postprandial



insulin secretion becomes more prominent, and
postprandial B-cell responsiveness may be a more
important determinant for glycemic control than
overall B-cell responsiveness'. Our finding that the
acute insulin response, but not HOMA-, is related
to glycemic control is compatible with this assump-
tion (Table 4).

Several studies have shown that patients receiv-
ing insulin or OHA had significantly higher HbA,.
levels compared with patients on diet alone”” ™",
Thus, initial medication may be more effective than
additional medication. Generally, the type of medi-
cation is associated with the duration of diabetes,
and our patients treated by diet alone had a shorter
duration of diabetes than those receiving OHA or
insulin (5.9+ 8.0 vs. 10.0 + 8.8 years).

Our study showed that a younger age was also
associated with good glycemic control. However,
the results of other studies have differed”™”, and
rapid changes of lifestyle in each generation, access
to medication, barriers to glucose testing, regular
physical activity, healthy low-fat eating, or compli-
ance with medication have been mentioned as
causes of poor glycemic control in young patients

Y7098 However, these reasons

with type 2 diabetes
are not applicable to our subjects, because ethnicity
and culture were very different.

Few studies have suggested that patients with a
higher uric acid or creatinine level will have better
glycemic control. The serum uric acid level was cor-
related with creatinine (r=0.346, p<0.001) and BMI
(r=0.204, p<0.001) in our study. Excessive food in-
take may be a common feature underlying these
factors. Choi et al reported that higher insulin levels
are known to reduce renal exertion of uric acid, and
that the strong liner and independent association
was seen between fasting serum C-peptide and uric
acid levels'. Therefore, patients with high serum
uric acid levels were considered to have high insu-
lin resistance, and such patients might respond well
to the treatment given during 6 months.

Sex and HDL-cholesterol were excluded from
multivariate analysis, although they were identified
by univariate analysis. It is well known that uric
acid, creatinine or HDL-cholesterol level was differ-

5

ent between male and female, and actuary these dif-
ferences were seen in our study (data not shown).
Therefore, we considered that sex and HDL-
cholesterol were excluded as a result of adjustment
by uric acid and creatinine levels.

In the present study, a high total cholesterol level
was associated with poor glycemic control, which is
consistent with the report of Benoit et al’.

It should be noted that there was no significant
difference of the mean +SD baseline HbA,. between
patients with good and poor glycemic control (8.9 =
2.1 vs. 9.1 +1.9%, p=0.164). This means that baseline
HbA,. value dose not affect HbA,. value at 6
months.

Acute insulin response, but not HOMA-IR or
HOMA-B, was identified as a predictable factor of
glycemic control. However, it should be noted that
MTT data was not considered as true background
characteristics in a strict sense, because MTT was
performed an average of 135 days after the first
visit.

The strengths of this study were as follows. 1)
Baseline data on all subjects were systematically
collected from an electronic medical record system.
2) Treatment was performed according to a com-
mon protocol. 3) Laboratory tests were done at a
single hospital, which should minimize variations.

Our study had the following limitations. 1) It was
performed at a single specialist diabetes facility, and
65% of the new patients were referred by general
practitioners, so our conclusions may not be univer-
sally applicable. 2) The factors such as socio-
economic status or psychological profile, which
were difficult to evaluate, were excluded from the
background factors. 3) This is a historical cohort
study, and the factors observed during 6 months
were excluded from the main analysis. Therefore,
compliance with treatment, differences in treat-
ment policy among doctors, and hospitalization
were excluded from the background factors, al-
though they might probably influence glycemic
control after 6 months.

In summary, our findings may be helpful for early
identification of patients who are less likely to

achieve good glycemic control. Intensive manage-
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